Morphology and biochemistry of bone remodeling: possible control by vitamin D, parathyroid hormone, and other substances.
The effects of PTH and vitamin D on bone are the result of their direct and indirect effects on the functional cells of bone remodeling units and their precursors. These effects are probably modified or controlled by growth factors, cytokines, and PGs generated locally by the process of bone remodeling. Bone remodeling includes resorptive and bone forming phases, each with a longitudinal and a radial component of progression in time and space. Longitudinal resorption is rapid, prolonged and is probably carried out by osteoclasts utilizing hydrogen ions and lysosomal enzymes to remove mineral and organic components of bone in a highly localized and directed fashion. Individual osteoclasts are probably long-lived cells with a nuclear and perhaps a cytoplasmic turnover rate of 8%/day, with replenishment coming from preosteoclasts in the reversal zone. Radial resorption is slower and shorter than longitudinal resorption. It is carried out by reversal phase monocytes whose exact relationship to osteoclasts is not clear. Activated collagenase diffusing from osteogenic cells in the reversal zone could also play a role. The longitudinal rate of bone formation is probably a measure of the rate of proliferation and differentiation of osteogenic cells at the site at which they were activated. The radial rate of bone formation is a measure of how rapidly osteoblasts synthesize and mineralize bone matrix once they reach the resorption surface. PTH and vitamin D have no direct effects on mature osteoclasts. They may have direct stimulatory effects on proliferation and differentiation of osteoclast precursors and their fusion with osteoclasts but this is not clear because the ontogeny of osteoclasts vis a vis monocytes and other phagocytic cells is still not clear. It is likely that their effects to increase osteoclast precursors involve interactions among lymphocytes, monocytes, and hematopoietic stem cells at a distance from bone remodeling units and are mediated by 1,25(OH)2 vitamin D3 induced synthesis of cytokines and colony-stimulating factors. Stimulatory effects of PTH, vitamin D, PGs, and cytokines on osteoclasts are mediated by as yet undefined factors produced by osteoblasts. Osteoblasts stimulated by PTH could also inhibit osteoclasts by synthesizing and releasing PGs. PTH and vitamin D have diverse and often contradictory effects on the functional activity of osteoblast-like cells in vitro that are difficult to interpret because the relationship of these cells to osteoblasts in vivo is not clear.(ABSTRACT TRUNCATED AT 400 WORDS)